Objective: It is not clear whether surgical ventricular restoration (SVR) or procedures approaching mitral complex for controlling functional mitral regurgitation (MR) affect the regional left ventricular wall function. The purpose of the present study was to evaluate the regional LV function after SVR using overlapping left ventriculoplasty (OLVP) using quantitative gated myocardial perfusion SPECT (QGS). Patients and Method: Forty-one heart failure patients, including those with ischemic cardiomyopathy (ICM) (n = 25) and non-ICM (NICM) (n = 16), underwent SVR and/or papillary muscle approximation (PMA). The rest myocardial perfusion SPECT were performed before and early after operation (mean 25.8 ± 10.6 days). These patients were divided into 4 groups based on the surgical procedures (SVR and/or PMA) and etiology of patients (ICM or NICM) as follows: SVR (with or without PMA) of ICM, SVR of NICM, PMA of ICM and PMA of NICM groups. The regional wall thickening was compared before and after the operation between the four groups. Results: NYHA functional classes were improved after the operation in all four groups. MR grade was also improved in three groups other than SVR of the ICM group. The left ventricular basal wall thickening was improved postoperatively in following three groups (SVR of ICM: 12.7 ± 3.8% to 16.5 ± 4.6% p <0.05, PMA of ICM: 11.1 ± 4.3% to 14.9 ± 4.8% p <0.05, SVR of NICM: 5.8 ± 6.6% to 12.3 ± 6.4% p <0.05), whereas PMA of the NICM group did not show an improvement. Wall thickening in the middle and distal levels was not improved in all groups. Conclusion: OLVP improved NYHA functional classes, and also improved the regional wall function at the basal level of the left ventricle. In contrast, lone PMA did not improve or impair the regional wall function at any of the levels.
Introduction
For end-stage heart failure such as ischemic (ICM) and non-ischemic cardiomyopathy (NICM), several procedures for surgical ventricular restoration (SVR) have been applied to attempt better prognosis. [1] [2] [3] [4] [5] All these methods reduced the left ventricular (LV) volume of severely dilated heart, with partial resection of LV wall or exclusion of invalid LV wall with or without prosthetic patch. We also reported our techniques of SVR including left ventriculoplasty with overlapping technique (OLVP) and repair of mitral valve tethering with mitral valve ring annuloplasty (MAP), papillary muscle approximation (PMA). 6, 7) Recently, the effectiveness of SVR was reported by evaluating postoperative clinical status of heart failure as NYHA classification or global LV function such as ejection fraction, LV diastolic and systolic dimensions and so on. 8, 9) Conversely, the benefit of SVR and the influence of correction of mitral regurgitation for ICM patients were disallowed, reported from a megastudy 10) or from a high-volume center. 11) Many surgeons worry about the negative effect of the SVR at the surgical site on LV wall. However, no report has focused on the effect of SVR on the regional LV function.
Development of a nuclear technique has provided the capability of assessment of myocardial function. Gated single photon emission computed tomography (SPECT) allows the evaluation of myocardial regional systolic function. Software, quantitative gated SPECT (QGS), in which an algorithm developed by Germano and colleagues was embedded, facilitated to quantify the regional perfusion, wall motion and wall thickening. 12, 13) Among these quantitative values, wall thickening was thought to be useful for the prediction of functional recovery after coronary artery bypass grafting for ischemic cardiomyopathy. 14) In this study, we investigated the effect of SVR including OLVP and PMA on regional LV function by comparing regional LV wall thickening yielded from pre-and early post-operative QGS.
Methods

Patients
The study population comprised 41 patients with advanced heart failure (LVEF: 24.5 ± 6.9%) including 25 patients with ischemic cardiomyopathy (ICM) and 16 patients with NICM. All these patients required surgical intervention and had rest 99m Tc tetrofosmine gated myocardial perfusion SPECT before and after the operation. Patients who required an emergency operation with severely unstable hemodynamic status were excluded from this study. The enrolled patients were operated on, at two different institutions by a single cardiac surgeon (Y.M.) from 2003 to August 2010.
The patients were divided into 4 groups according to the surgical procedures (SVR and/or PMA) and etiology of patients (ICM or NICM). The characteristics of enrolled patients and detailed operative procedures were summarized in Table 1 . Twelve patients were categorized into SVR of ICM group, 13 patients into PMA of ICM group, 10 patients into SVR of NICM group and 6 patients into PMA of NICM group. This study protocol was approved by our institutional review board.
Operative procedure
Coronary revascularization was added to 21 among 25 patients of the ICM group with an average of 3.5 bypasses. The remaining four patients were previously revascularized and were judged not to have revascularization at that time. For SVR, only OLVP was selected in this study series. This procedure was performed in 12 of 25 patients of the ICM group and 10 of 16 patients of the NICM group. PMA was added to 19 patients of the ICM group and to all patients of the NICM group. The SVR of the ICM group (n = 12) consisted of 6 patients undergoing isolated OLVP, and 6 patients, undergoing OLVP with PMA.
Myocardial perfusion SPECT image acquisition 99m
Tc SPECT was performed at rest. Data acquisition was performed after 30 minutes after 740MBq of 99m Tc tetrofosmine tracer injection using a dual-head 90° camera (Vertex; ADAC Laboratories, Milpitas, Calif). 15, 16) Images were obtained by the rate of eight frames per cardiac cycle with an R-wave trigger with a 20% window centered over the 140 keV photopeak. SPECT images were obtained before operation (14.8 ± 14.8 days) and after the operation (25.8 ± 10.6 days).
Image analysis
The left ventricle image was divided into 20 segments including 6 circumferential myocardial segments at each left ventricular level of basal, middle and distal, and 2 segments of the apical region. Then LV wall thickening was automatically calculated using the QGS software. 12, 13) To compare the wall thickening between pre-and post-operation, adjacent two segments or those Each level (basal, middle and distal) was divided circumferentially into three areas; antero-septal, infero-septal and postero-lateral areas. in the same level were averaged as the value of each area or level ( Fig. 1) . Apex segments were excluded from the analysis because of smallness of area, surgical incision or infarcted area. A total of 3 levels or 9 areas per patient were calculated before and after operation. Wall thickening of each area or level was evaluated as regional wall function. Left ventricular end diastolic volume (LVEDV), left ventricular end systolic volume (LVESV) and left ventricular ejection fraction (LVEF) were also evaluated as global wall function.
Surgical indication and procedure
Our indication of SVR for ischemic cardiomyopathy (ICM) and non-ischemic cardiomyopathy (NICM) were more than 65 mm and 70 mm of left ventricular diastolic dimension (LVDd) respectively. PMA was performed concomitantly or independently when the distance between anterior and posterior papillary muscles was beyond 30 mm.
Overlapping left ventriculoplasty was performed as previously reported. 7) Briefly, a 10cm long incision was made longitudinally next to left anterior descending artery at the LV anterior wall. The separated left-side margin was sutured to the height of the lower twothirds of the septal wall. The suture line was determined using intraventricular sizers. After suturing of the lateral margin, the septal margin was then sutured onto the lateral wall over the preceding suture line in ICM or over the free LV wall in NICM, resulting in the overlap of myocardial walls in the antero-septal lesion.
In the PMA procedure, two or three pledgeted mattress sutures were placed along two papillary muscles from the tip to the bottom of them, which formed papillary muscle together (Fig. 2) . Mitral annulus ring was placed (MAP) as part of mitral complex reconstruction, which was constructed with MAP and PMA.
Statistical analysis
Continuous values were expressed as mean ± SD. Comparison between pre-and post-operative mean values was performed using paired t-test. Unpaired t-test was adapted when comparing mean values between different groups. A p-value <0.05 was considered statistically significant. All these statistical analysis was performed using SPSS Statistics version 19 (SPSS Inc., Chicago, Illinois).
Results
Clinical status and global LV function
Clinical status and global function comparing between pre-and post-operative periods was show in Table 2 . NYHA functional classes were significantly improved from 2.8 ± 0.9 to 1.4 ± 0.5 and from 2.6 ± 0.7 to 1.4 ± 0.5 in SVR and PMA of ICM group respectively (pre-versus post-operative : p <0.001), and from 3.3 ± 0.5 to 1.4 ± 0.5 and from 3.0 ± 0.6 to 1.5 ± 0.5 in SVR and PMA of NICM group respectively (pre-versus post-operative : p <0.001 or p = 0.001). Most of the patients in both ICM and NICM groups showed no or mild MR at postoperative period. In ICM group, the MR grade decreased from 1.5 ± 1.2 to 0.7 ± 0.9 and from 3.0 ± 1.1 to 0.3 ± 0.4 in the SVR and PMA group respectively, similarly in NICM group from 3.8 ± 0.4 to 0.9 ± 0.7 and from 2.8 ± 0.8 to 0.3 ± 0.4 in SVR and PMA group respectively. The decrease in the MR grade reached statistical significance (pre-versus post-operative, p <0.001) except for the SVR of ICM group because preoperative MR grade at rest was relatively low (p = not significant). Postoperative LVEDVI significantly decreased in all four groups. Postoperative LVESVI significantly decreased in three groups other than the PMA of NICM group. Whereas, LVEF was improved only in the PMA of ICM group (p <0.05).
Other three groups did not show significant changes in LVEF ( p = not significant).
Assessment of LV wall thickening among each vertical level
Post-operative changes in the wall thickening among vertical levels are shown in Table 3 . In SVR and PMA of ICM group, the wall thickening at basal level significantly increased after surgery (p <0.05). At other levels, no improvement of wall thickening was detected in the ICM groups. On the other hand, in NICM group, wall thickening at the basal level significantly increased only in SVR group.
Regional wall thickening at manipulative site
To assess the effect of SVR excluding the beneficial effect of surgical revasculization, we compared the regional wall thickening between SVR and PMA of NICM groups. At the manipulative site of PMA in the postero-lateral wall at the distal level, wall thickening did not decrease in PMA of NICM group. At manipulative site of SVR in the antero-septal wall at the middle level, wall thickening did not decrease, while wall thickening significantly decreased at the distal level ( Table 4) .
Discussion
After Dor and colleagues innovated surgical left ventricular repair to a severely dilated heart, 2) several procedures had been attempted to conquer congestive heart failure. 4, 5) We developed a new procedure in this field named Overlapping Left Ventriculoplasty in 2001. 6) As an adjunctive procedure, papillary muscle approximation (PMA) was introduced to overcome the mitral valve tethering which caused functional mitral regurgitation. 7) To consider the effect of OLVP on the LV function with excluding the benefit of surgical revascularization, we compared the regional wall thickening between OLVP + PMA of NICM group and PMA of NICM group. If PMA was the only procedure to perform for patients, LV wall thickening would not increase after operation, as shown in PMA of NICM group ( Table 3) . PMA contributed only to the correction of mitral regurgitation with a significant reduction of LVEDVI, but not to improve regional LV function. Improvement at the basal level and impairment at the distal level in SVR of NICM group were observed, whereas no improvement was detected at any level in PMA of the NICM group. We should note that the normal values of wall thickening along these vertical levels are quite different, as Sharir and colleagues reported previously. 17) They described that the thickening value of the basal level is around 25 percents and that of the distal level is around 60 percents. That is to say, the depression of the wall function at the level of the distal level is of little consequence. Given the difference of change ratios to their reference values between the increase at the basal level and the decrease at the distal level and the definite differences of the ventricular volume of these vertical levels, it is suggested that the comparative efficiency of the basal level played a large role in LV function. When wall thickening of PMA of the NICM group showing no improvement is taken into consideration, we persuade ourselves that OLVP has a curative property against basal LV wall function, which is mostly and deeply involved in the cardiac output. To infer the mechanism of this phenomenon, we shall notice the cardiac shape and myocardial fiber orientation. As heart failure advances, the heart shape metamorphoses from ellipse to sphere. In the same fashion, myocardial fiber loops transmutes from helical to transverse fiber orientation. A contractional efficiency is decreased with fiber orientation deformation. 18) Reshaping a stretched dilated heart with OLVP from spherical to elliptical brings improvement of the contractional efficiency. This efficiency improvement might be expressed as the improvement of basal LV wall function after OLVP procedure.
We did not include the direct assessment of the blood perfusion in the myocardium. From QGS examination, we can also obtain the quantitative myocardium perfusion SPECT (QPS). Some reports documented the prognostic values from QPS. 19, 20) In fact, QPS can offer the distribution of the blood perfusion among the LV wall. However, the values are of regionally relative. It is hard to compare the regional values between pre-and post-operative periods. In this study, we compared the wall thickening of PMA of ICM group against that of PMA of NICM group instead of QPS to estimate, indirectly, the effect of the blood flow, provided by the surgical revascularization. Wall thickening was relatively increased post-operatively at all levels in the PMA of the ICM group in which 85% (11/13) of patients underwent concomitant CABG, whereas, it was rather relatively decreased globally in the PMA of the NICM group. From these results, we inferred the positive behavior of the surgical revascularization with a combination of scarred myocardium exclusion on the LV wall function. The positive effect of the surgical revascularization and the curative property of OLVP on LV wall function were observed in SVR of the ICM group as a wall thickening improvement at the basal level.
When the PMA procedure was adapted, there was always some concern that surgical maneuver that approximated two papillary muscles down to the root might disrupt the regional LV wall function. As far as the wall function was evaluated by wall thickening in this study, the PMA maneuver did not impair the contraction of LV wall. On the other hand, the wall function of the site of SVR (OLVP) partly decreased significantly at distal antero-septal area (Table 4) . However, it is no surprise that the area of incised and reattached with sutures was harmfully damaged in early-term of post operation. One of the concepts of OLVP is to preserve the potentially viable myocardium without excision of a part of the LV wall, as is not shown in the concept of other SVR procedures. The postoperative SPECT examinations for the assessment of wall function were conducted just within a month after the operation in this study. The follow-up SPECT examination, mid-term or later, is mandatory for the evaluation of potentially viable myocardium.
There were a few limitations in this study. First, this was a retrospective, not a consecutive study, that involved a small volume of cases. Second, the influence of pacing the ventricle was not taken into consideration. When we put pacing leads to the heart of severe dysfunction, we routinely choose the sites for biventricular pacing. There has been no report on the interference of pacing on the regional function.
In conclusion, OLVP, which reduces left ventricular volume and reshapes the LV cavity to an ellipsoidal without a patch, improved the LV regional function at the basal level. We considered that this ameliorating effect showed a great dedication to the improvement of clinical status after surgical ventricular restoration.
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